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The fact that selenium and tellurium occur in the same group in the periodic table, coupled with the many interesting discoveries in regard to the properties of the former, has led many physicists into investigation of tellurium also.
Sieg"*-has made an investigation of the change of heat conductivity of selenium when exposed to light. In this work only the relative change in conductivity was observed. It was suggested that the same method might be employed to determine the absolute thermal conductivity of tellurium by comparison with disks of different mater ials of known conductivity.
At the time of the beginning of this research a careful survey of previous literature was made and it was found that no work had been done on the thermal conductivity of tellurium. However ,during the p past year two articles have appeared. King*' des cribes a new method for determining heat conductivities and hints that the conductivity of tellurium is as low as .01 Later Wold3 gives the value .0135 for the coefficient K of thermal conductivity of tellurium at 45 degrees C. Wold states that the work was done 4 in collaboration with King .
1.Phys. Rev. , Sept. , 1915 .3. Phys. Rev. ,Feb. , 1916 2. Phys. Rev., Dec.,1915. • 4. Lo£. cit.
*2* Imagine two parallel planes in a body of area A, a distance x apart, the respective temperatures being e]_ and e2 . Heat will flow from the hotter to the cooler surface. The quantity Q, of heat conducted across in the time t is given by the equation: n K ( ®1 " e2 ) At W.
-" X where K is the coefficient of thermal conductivity.
The limiting value of (e]_ -e2 )/x or de/dx is called the temperature gradient. Instead of being thus defined mathematically,the coefficient K is often defined as the time rate with which heat passes through unit area of a substance when the potential gradient is unity.
One of the early experimenters to devise a method of determining K,£he coefficient of thermal conduc tivity was Christiansen1 . The materials to be tested were shaped into disks and these disks were then 2. The area of the disks is the same.
3.The end loss of heat from the edges of the disk is negligible.
Let e-be the temperature of the upper face of the top disk,let 6o be the temperature of the lower face of the top disk and also of the upper face of the lower disk, let be the temperature of the lower face of the lower disk,and let d-^ and d 0 be the respective thicknesses.
Then the quantity of heat Q,, which flows down through the upper and the lower disk when equilibrium is reached is given by the relation:-K i ( e 3 ~ 0 2 ) A t Kq( ®2 -®1 >At <4 -
where K.^ and K,,are the respective conductivities, A is the area of the disks and t is the time of flow.
Solving for the ratio K£ /K^ we have:-
Christiansen 1 gives correction formulae for end losses and for the change of conductivity with a change in temperature.
In this research much the 1. Loc* cit.
*4* same principle was used,but certain modifications were made. The guard ring idea of Sieg^was used and the temperature of the disks was determined by means of thermo-couples. The same assumptions as to the flow of heat were made and the same formula r-
applies .
*5* Fig. 2 . Figure 2 shows the arrangement of the appa ratus. At the bottom was the cooler which was con nected to the water supply. Although the temperature of the water through the cooler was not quite constant the variation was never more than four degrees and the variation was of slow occurrence. In view of this fact and con sidering the nature of the problem , it did not seem necessary to make elaborate arrangements for se curing constant temperature and constant flow of water.
Arrangement of apparatus for experiment
In the preliminary work the tellurium was compared directly with lead. But since lead and tellurium are bothfairly good conductors , it was found that the temperature gradient was so small that the error due to variations of the current through the heater, and variations in the water flow was con siderable. Let = the dif.
-eQ and Dp = the dif. e^ -e. *16#
. There is a variation in the readings ofrhe which is independent of the temperature fall across the disks. The formula for Kg/K^ may then be written:-
Obviously by increasing D and Do we can lessen the effect of the error ■£; e which does not depend on the difference. There are two ways that this might be done. We might increase the thickness of the disks or choose some material with a lower value of K.
Increasing the thickness would increase the end loss so it was decided to use glass. The selection was made because the conductivity is fairly low , a plane surface is easily obtained and with a little care guard rings and disks of the desired dimensions may be made.
In a preliminary test of lead and glass it was found that the ratio of the conductivity of lead to that of glass was 15 whereas the latest tables of conductivities showed that it should be about 50.
Several determinations were made and all were con sistent. This seemed to indicate that there was some constant error in the apparatus. The positions of the lead and glass disks were reversed.
In this case the ratio was still too small, being about 17. In every case the temperature fall *17* over the better conductor was too great. Then some disks were made of the same diameter as the guard rings and the same thickness as the smaller disks.
The ratio of the conductivities was in this case about
35.
The ratio of the edge area to cross section area reduced by the change in proportion to the diameters of the disks,or as 1 to 4. Furthermore , in case of the larger disks, the edges were about the temperature of the room while in case of the smaller disks the temperature at the bottom of the air space between the disks and guard rings was about 18 degrees. Let K r , L ,Ksn , and K^denote the respective con ductivities of glass, lead, tin, and tellurium.
First we may compare a lead disk with a glass disk.
We find KT /K = A. L ' g Also, comparing tellurium and glass: V Kg = BIf we divide the members of these equations just as they stand we obtain:-
In a similar way we may find the ratio :-Ksn / ^t -^1 / This was the plan of procedure in the experimental work.
The tellurium disk was made from chemically pure tellurium distilled in hydrogen. It was obtained from Eimer-Amend. The disk was melted in a soapstone mold which was placed inside of a glass tube through which a stream of hydrogen was passing in order to prevent oxidation. After the disk had become solid it was ground plane by the same process as the copper disks already described. Several readings were taken on each disk for every observation. The current and the water flow were kept as nearly constant as possible and the ob servations were made at intervals of two hours or longer.
The E.M.F. of the thermo-couples is tabulated in the following tables, also the differences of E.M.F. and the ratio of the conductivities. This was computed from the formula:-
where C (Eo -E^) was used instead of ec -e^, and C ( E -Eo) for e -e0 ,this being possible because ^ 3 -of the linear relation in the calibration curves of the thermo-couples.
In the following tables -5 the E.M.F. is given in volts X 10 .The first difference column is proportional to the fall of temperature over the lead, tim, or tellurium. The second difference column is proportional to the temperature fall over the glass.
*21* *22* Average .... 14. 5 ± 0.5 Tables,1912. *30* Averaging the four values we find = 9.£ .
The greatest variation from this value is l.J. / 9,6 , which is 1J.S % . Taking into consideration the wide range of thicknesses used , it seems evident from the consistency of the results that K is very L close to .082 / 9.6 = .0085" at a temperature between 25 and 35 degrees C.
There is a large difference between this value and the value .0135 given by WoldF rom the statement King" makes " Work done with tellurium seems to show that the method will work satisfactorily for conductivities as low as .01"and from a description of the method ,it would appear that it is designed more especially for good conductors.
The method used in this research is designed especially for poor conductors. Tellurium must be classed and poor somewhere on the border-line between good Aconductors.
There are certain weaknesses in the method used which have been pointed out in this work. In order to determine whether there was a change of the conductivity with the temperature, the temperature was varied from 28 to 60 degrees C.
The glass disk 4.54 mm. was used with the tellurium as the results obtained with this were more nearly constant in the absolute determination of K. The temperature was varied over the above range several times during the course of this research and always with the same result. A . typical set of observations has been tabulated in Table IX in the same order as the preceding tables but with the temperature added.
It will be noticed that the last two ratios are lower than the others. These were taken several hours after the apparatus was arranged and the glycerine had formed a dry gummy layer over the upper disk. Other readings were taken at higher temperatures but these were invalidated by the rapid drying of the glycerine layer.
With the method used no change in con ductivity could be detected with change of temperature.
1. Math. Theory of Heat Cond.,p. 161.
*32* This would seem to indicate that the change of con ductivity with a change of temperature was nearly the same as that of glass , since the temperature of both was varied at the same time , although the glass was always at the lower temperature.
* 3 3 * 
